We address the following question: how do we know a proposed design for an Automated Vehicle/Highway System (AVHS), such as [5], is safe? In particular, can we prove that there can be no high relative velocity collision on the AVHS? We show that if the controllers in the vehicles satisfy a set of constraints, then the AVHS of [5] is safe. The problem of checking whether the controllers satisfy the constraints is equivalent to solving an optimal control problem. tem. In this paper we develop an approach for proving that a system is safe. We consider a proposed design for an AVHS and show that if the physical controllers in the vehicles satisfy a set of constraints then the AVHS is safe.
Introduction
Automation of driving functions is central to proposals for the design of an Automated Vehicle/Highway System (AVHS). In the control architecture in [5] , it is proposed that vehicles travel in platoons. Three maneuvers are needed: in merge, two platoons join together; in split, one platoon separates into two; and in change lane, a single vehicle changes lane. Using these maneuvers, a vehicle enters the system, becomes part of a platoon, travels to its destination, detaches itself from the rest of the platoon, and exits out of the system.
In this paper we consider the following problem. Consider an AVHS, for example the system proposed in [5, 2, 1, 31. How do we know that such a system is safe? Of course we have to define what safety means. We say a system is unsafe if there is a possibility of a high relative velocity collision on the AVHS. We want to prove for a proposed design of an AVHS, that there is no such possibility. We can simulate the system. But that only checks safety for a finite number of simulation paths or trajectories of the system. We want to prove safety for every trajectory of the sys-
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Figure 1 shows a lane of the highway with different platoons. The vehicle at the head of the platoon is called the leader, and it is normally under the leadercontrol law. is applied, it is checked that the initial state
where f is the leader, merge, or the split control law, and (zi(O), zi-1(0)) E Sj, we must show that the unsafe set Ut is unreachable.
We face the problem that the control for vehicle i -1 depends on vehicle i -2, which depends on vehicle i -3, and so on. To avoid working with an infinite dimensional system, we use a conservative abstraction. We look at the dynamics between two vehicles, vehicle i and vehicle i-l, and abstract the differential equation for vehicle i -1,
4-1 E [Amin,Amas]-(3)
with the differential inclusion
We choose Ami,, to be the maximum deceleration (full brakes), and A,,,,, to be the maximum acceleration (full throttle). This implies that for any law f in equation 2, the solution for equation 2 is contained in the set of solutions for equation 3.
In this sense, equation 3 is a (conservative) abstraction of equation 2. We now prove safety for the abstracted system To determine whether lJj = {zlg(x) 5 0) where 
Diff. 
Changing Lane with Abstract Vehicles
In this section, we extend the previous design with the change lane maneuver that single vehicles execute to move from one lane to the next. In the case of a single lane, a vehicle follows the vehicle in "fkont'' at a safe distance and speed. We extend the idea of "front" to a multilane highway by using the concept of an abstract vehicle. Abstract vehicles will be conceptual devices used to represent real vehicles. 
Conclusion
We considered the problem of safety on an AVHS. We presented two main techniques: conservatively abstracting the dynamics of a vehicle by a simple differential inclusion; and representing a vehicle changing lane by an abstract vehicle occupying two lanes. Using these methods, it becomes possible to determine the safety of a vehicle by considering only its own controllers. When the controllers satisfy a set of constraints, the vehicle is safe. We showed that checking whether the controllers satisfy the set of constraints is equivalent to solving an optimal control problem. Since we prove that each vehicle is safe, we conclude the multilane AVHS operates safely.
Several problems need to be studied in more detail. Computing the initial set S j , and determining whether the unsafe set Uj is reachable from an initial condition in Sf is a key problem. Although the problem is equivalent to an optimal control problem, solving for the global optimal is difficult. Other approaches for solving the problem should also be studied. The affect of modeling and measurement errors should also be considered. The initial set Sf should be conservatively designed so that despite errors, Uf is unreachable.
Advanced adaptive cruise control (AACC) is likely to be introduced by several vehicle manufacturers. The setup is the same as a single lane, with no platoons (i.e., platoon size of one), and with a single law, namely the leader law. The approach proposed here can be used to determine if a proposed AACC law will be safe if it is activated from certain initial states. Note that in practice the parameters such as maximum acceleration and deceleration will depend upon road surface and tire characteristics and other parameters. Thus the safe initial conditions will change with those parameters.
